Weyl semimetals have sparked intense research interest, but experimental work has been limited to the TaAs family of compounds. Recently, a number of theoretical works have predicted that compounds in the Mo x W 1−x Te 2 series are Weyl semimetals. Such proposals are particularly exciting because Mo x W 1−x Te 2 has a quasi two-dimensional crystal structure well-suited to many transport experiments, while WTe 2 and MoTe 2 have already been the subject of numerous proposals for device applications. However, with available ARPES techniques it is challenging to demonstrate a Weyl semimetal in Mo x W 1−x Te 2 . According to the predictions, the Weyl points are above the Fermi level, the system approaches two critical points as a function of doping, there are many irrelevant bulk bands, the Fermi arcs are nearly degenerate with bulk bands and the bulk band gap is small. Here, we study Mo x W 1−x Te 2 for x = 0.07 and 0.45 using pump-probe ARPES. The system exhibits a dramatic response to the pump laser and we successfully access states > 0.2eV above the Fermi level. For the first time, we observe direct, experimental signatures of Fermi arcs in Mo x W 1−x Te 2 , which agree well with theoretical calculations of the surface states.
Weyl fermions have been known since the early twentieth century as chiral particles associated with solutions to the Dirac equation at zero mass [1, 2] . Although they arise naturally in quantum field theory, they are not known to exist as fundamental particles in nature. However, Weyl fermions are closely related to accidental degeneracies in the band structures of crystals [3] [4] [5] [6] [7] [8] [9] [10] . By taking advantage of this correspondence, Weyl fermions were observed for the first time, earlier this year, as emergent quasiparticles in the crystal TaAs and in a photonic crystal [11] [12] [13] [14] [15] . Such crystals, Weyl semimetals, also host an unusual topological classification that protects topological Fermi arcs on the surface of a bulk sample [7] [8] [9] . The bulk Weyl fermions and surface Fermi arcs of a Weyl semimetal are predicted to give rise to a wealth of unusual transport phenomena [16, 17] . These effects are associated both with the non-trivial topological invariants of a Weyl semimetal and with a variety of phenomena relating to Weyl fermions in quantum field theory. To explore and apply these phenomena, it is important to discover new Weyl semimetals.
Recently, several works have proposed that WTe 2 , MoTe 2 and Mo x W 1−x Te 2 are Weyl semimetals [18] [19] [20] [21] . The Mo x W 1−x Te 2 series may be desirable for transport experiments because it has a highly-layered crystal structure. Indeed, there have already been numerous device proposals for this series, including one proposal for a novel type of transistor based on laser patterning of MoTe 2 thin films and another proposal for a topological edge state transistor based on the quantum spin Hall effect in single-layer MoTe 2 [22, 23] . The intense interest in developing novel devices based on Mo x W 1−x Te 2 suggests that this series may not only provide the first Weyl semimetal outside the TaAs family of compounds, but may also make experimentally accessible novel transport phenomena in Weyl semimetals. In addition, the emergent Weyl fermions in Mo x W 1−x Te 2 are predicted to violate Lorentz invariance, leading to an unexpected and fascinating connection with previously ignored quantum field theories [19] .
Despite the intense interest in Weyl semimetals and the unusual properties of Mo x W 1−x Te 2 , it is exceedingly challenging to experimentally demonstrate a Weyl semimetal in this series. Specifically, WTe 2 is close to a critical point for a topological phase transition.
Indeed, different theoretical works have predicted that WTe 2 is a Weyl semimetal or an insulator by using lattice constants from different X-ray diffraction experiments [18, 19] . A related concern is the small separation of the Weyl points in momentum space, exceeding the available experimental resolution. Lastly, the Weyl points are above the Fermi level, mak-5 ing them challenging to access using standard angle-resolved photoemission spectroscopy (ARPES). To stabilize the Weyl semimetal phase and increase the momentum-space separation of the Weyl points, it has been proposed to dope WTe 2 with Mo [18] . Further, to study the band structure above the Fermi level, it is possible to use pump-probe ARPES.
Pump-probe ARPES uses twin lasers to excite electrons above the Fermi level and then perform photoelectron spectroscopy on the excited electrons, giving access to states above the Fermi level. At the same time, the low photon energy afforded by a laser maximizes momentum resolution, ideal for the study of closely-spaced features of the band structure.
Here, we study 7% and 45% Mo-doped WTe 2 using pump-probe ARPES. We successfully access states > 0.2eV above the Fermi level, well above the energies of the Weyl points [18, 19] . We find excellent agreement with ab initio calculations of surface states. We observe features in the data which may be Fermi arcs. However, we find that the interpretation of the features as Fermi arcs depends sensitively on free parameters in the calculation. We suggest that a careful composition dependence of the Mo x W 1−x Te 2 series can provide more conclusive evidence of Fermi arcs, possibly demonstrating a Weyl semimetal. Our work provides the first step to observing a dramatic violation of Lorentz invariance in the band structure of a crystal.
The crystal structure of Mo x W 1−x Te 2 with an orthorhombic Bravais lattice, space group P mn2 1 (#31) and lattice constants a = 6.282Å, b = 3.496Å, and c = 14.07Å is shown in Fig. 1(a) [24] . The atomic structure is layered, with single layers of W/Mo sandwiched inbetween Te bilayers, which are stacked along the z-axis and held together by Van der Waals interactions, see Fig. 1(a) . Seen from Fig. 1(b) , the W/Mo atoms are shifted away from the center of the hexagon formed by the Te atoms. This makes the in-plane lattice constant a longer than the b lattice constant. Additionally, the distance between adjacent W/Mo atoms is appreciably smaller alongx than the others, creating high anisotropy. The lack of inversion symmetry is a crucial condition for the Weyl semimetal state in Mo x W 1−x Te 2 . Fig. 1(c) Fig. 1(d) . In Fig. 1(e) , we display the bulk band structure of WTe 2 along high-symmetry directions. We find that the valence and conduction bands approach each other near Γ. 6 Therefore, 8 Weyl points are found on the k z = 0 plane for Mo 0.2 W 0.8 Te 2 , which are formed by the topmost valence and lowest conduction bands, see Fig. 1(g ). In Fig. 1(f [11] [12] [13] [14] [15] in the cartoon schematic shown in Fig. 1(h) In Fig. 1 We show that our ARPES spectra agree well with first principles calculations below the Fermi level. This provides an important reference point for understanding the band structure at energies above the Fermi level, where the Weyl points and Fermi arcs are predicted to exist. Figs. 2(a-c) show the constant energy contours over the k-space range defined by the green dotted box in Fig. 1(j) . At the Fermi level, we observe a palmier-shaped pocket and an almond-shaped pocket, see Fig. 2(a) . As one goes from the Fermi level to higher binding energies, the palmier-shaped pocket expands while the almond-shaped pocket shrinks, see
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Figs. 2(a-c). This shows that the palmier-shaped pocket is hole-like whereas the almondshaped pocket is electron-like. We show the energy dispersion along two cuts, namely Cut 1 and Cut 2 defined in Fig. 2(d) . In Cut 1, shown in Figs. 2(h,i) , we observe an electron band and two hole bands at the Fermi level. This is consistent with the fact that Cut 1 goes through the electron pocket and the two convex parts of the hole pocket. In Cut 2, shown in Fig. 2(j [25] [26] [27] . The constant energy contours in Figs. 2(k-o) show the zoomed-in view of the region of approach between the electron and hole pockets. We see that, as one goes from higher binding energies to the Fermi level, the two pockets gradually approach each other. At the Fermi level, shown in Fig. 2(k) , the separation between the two pockets is small but finite. We show a series of the band dispersions in Figs. 2(p-s) , where, again, we observe both the electron and the hole bands. It is important to note that the ARPES data are dominated by the contribution from surface states, or more precisely, states which are mostly localized on the surface and whose spectral weight mainly comes from the surface region. One piece of evidence is that our constant energy contour data in Figs. 2(a-c) show excellent agreement with the theoretical calculations in Figs. 2(e-g), which only considers the spectral weight from the top unit cell of a semi-infinite system. In addition, the observed bands are sharp. If the spectral weight were due to the bulk bands, we expect the contours to be filled in with intensity due to the finite k z resolution. Lastly, we note that the sharpest states in our ARPES spectra, the almond pocket near the region where it intersects the palmier, correspond to a state heavily localized near the surface in the calculate, indicated by a heavy red region in Figs. 2(e,g). We provide an illustration of the measured Fermi surface in Fig. 2(v) . According to the theoretical calculations, as one goes to energies above the Fermi level, the two pockets are expected to further approach each other. Eventually the convex region of the palmier pocket intersects the almond pocket, giving rise to Weyl nodes.
Next, we show that the almond pocket in Mo 0.45 W 0.55 Te 2 evolves into two nested electron pockets above the Fermi level. To access the unoccupied states, we use pump-probe ARPES with a 1.49eV pump laser to excite electrons into low-lying states above the Fermi level and a 5.99eV probe laser to perform photoemission [28] . We can, further, directly and precisely control the time delay between the two lasers. Here, we suppose that the pump laser arrives always at time t 0 and we study ARPES spectra at two probe times t. For t < t 0 , the probe arrives before the pump, so we only observe occupied states, as in normal ARPES.
For t > t 0 , the probe arrives after the pump and we observe unoccupied states. We use pump probe ARPES with t > t 0 to understand the band structure in In addition, the Weyl points are all predicted to be within 0.25Å −1 of theΓ point [18] [19] [20] [21] .
We see that our pump probe measurement easily accesses the relevant region of reciprocal space. We see in Fig. 3 (b) that the palmier pocket closes up at ∼ −0.02eV of the Fermi level. However, the almond pocket extends well above the Fermi level. In particular, we notice two branches reaching towardΓ and appearing to merge at ∼ −0.15eV. These bands correspond to the inner and outer contours of the almond, discussed above. We also see a broader, diffuse branch of the almond pocket reach toward theȲ point. We find that above E F , the palmier closes up rapidly while the almond expands outward into a large pair of electron pockets. To better understand this evolution, we show a Fermi surface mapping of the almond pocket above E F , see Fig. 3 (d) . We see the almond pocket grows larger above E F , again, as an electron pocket. We also find that the almond pocket evolves into two nested contours. This structure is most easily visible at E B = −0.1eV in Fig. 3 (d) . We reproduce this constant energy cut in Fig. 3 (h) , where we also mark the two contours by blue dotted lines. From theΓ-Ȳ cut, we see that this pair of nested contours corresponds to the two contours which make up the almond pocket at E F , as shown in Fig. 2 (a) . Next, we study the band structure on a cut parallel toΓ-X at k y ∼ 0.36Å −1 , see Figs. 3(e,f).
Again we see a pair of electron bands which we associate with the almond pocket. The lower branch, marked (1) in Fig. 3(g) , corresponds to the sharp, prominent branch of the almond as it appears below E F . On the other hand, the upper branch, (2) of the almond pocket has a minimum at ∼ −0.02eV on this cut and is entirely above the Fermi level. In addition, we note that this upper branch appears to have a discontinuity at k x ∼ 0.02Å −1 where it seems to break into two disjoint bands, (2) Next, we show that the disjoint band we observe agrees well with a topological Fermi arc found by first principles calculation. We consider a cut of Mo 0.45 W 0.55 Te 2 , shown in Fig. 4(a) at k y = 0.325Å −1 , with ab initio calculations taken at k y = k W1 = 0.215Å −1 , Fig. 4 (b-e).
We note that the k y values differ, but both correspond to the edge of the electron pocket at the Fermi level, the approximate location of the Weyl points. In addition, as we show below, the band structure features we discuss here appear robust as a function of doping.
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As noted above, the discrepancy may be due to an error in determiningΓ in experiment, an error in the approximation used for calculating doped band structures, or, especially, a systematic error due to comparing a calculation of 20% doping with a measurement of 45% doping. We further show calculations for different on-site surface potentials, 0eV and −0.11eV, in Fig. 4(b,c) , respectively. We find that the two surface potentials give rise to a different connectivity pattern of the Fermi arcs [18] . In particular, for 0eV, we find that two short arcs connect neighboring Weyl points, as shown in Fig. 4(d,j) , while for −0.11eV, one arc connects the two W 1 and a long arc emanates from the W 2 , as shown in Fig. 4(e,k) . The surface potential is difficult to predict, but can be fixed by comparison with ARPES data. Comparing our ARPES spectrum of Mo 0.45 W 0.55 Te 2 with the numerics, we see that our ARPES spectrum suggests that the two W 1 are connected by a Fermi arc, favoring the scenario in Fig. 4(k) . This suggests that we have observed Fermi arcs. We also find that the energy separation of the arc features is ∼ 0.03eV, consistent with the energy separation of the Weyl points. Similarly, we can estimate the momentum separation between the two arc features to be ∼ 0.03Å −1 , consistent with ab initio calculation [18] . However, the interpretation of the features in the data is complicated by the trivial surface states.
First, while the −0.11eV calculation shows two trivial electron pockets in addition to the Fermi arc, in our ARPES data we only observe in total two electron pockets. Furthermore, the 0eV calculation shows trivial surface states which agree well with the flat trivial surface state at ∼ −0.1eV that merges into the bulk, giving rise to a trivial surface state arc, see Fig. 4(b) . This cut further shows a trivial surface state electron pocket with branches which merge into the bulk near the flat surface state. These features also match well with the ARPES spectrum, but suggest that we see only trivial surface states. Moreover, in this case, the Fermi arcs would be nearly degenerate with adjacent trivial surface states, making them very difficult to observe given the typical linewidth of our spectra. We further study a cut of Mo 0.07 W 0.93 Te 2 at k y = 0.29Å −1 . For these spectra, we find that p polarization selects the Fermi arc feature, see Fig. 4 (f), while the s polarization gives two electron pockets, see Fig. 4(g ). This suggests a total of three electron bands, which matches the −0.11eV
case. However, again we can also interpret the bands as trivial pockets which appear as arcs because they merge into the bulk. Lastly, we also note that the center arc, labelled (2) in Fig. 4(i There, the demonstration did not rely directly on theoretical calculations and was robust.
The following properties were important for achieving this robust proof in TaAs and TaP Also, the bulk band structure including both the Weyl cones and the trivial bands were experimentally determined by soft X-ray ARPES. Combining these two conditions, it was possible to find a k-space loop that encloses a projected Weyl node, and, at the same time, along which the bulk band structure has a full energy gap. Now, we evaluate the situation in The pump-probe ARPES apparatus consisted of a hemispherical analyzer and a modelocked Ti:Sapphire laser system that delivered 1.48 eV pump and 5.92 eV probe pulses at a 250kHz repetition [28] . The time and energy resolution was 300 fs and 27 meV, respectively.
The spot diameter of the pump and probe beams at the sample position was 250 and 85µm, respectively. Samples were cleaved in the spectrometer at < 5 × 10 −11 Torr, and measurements were conducted at ∼ 8 K.
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• C, held for 1 day and then cooled down to 500 • C over 10 days. At 500 • C, the Te flux was separated by centrifugation. The crystal structure was determined by a Bruker SMART diffractometer as previously reported in Ref. [33] . Electrical transport measurements were 13 carried out in a homemade system with a minimum temperature of 2 K and a maximum field of 9 Tesla. Ohmic contacts were made using gold wires and silver paste. The observations of Shubnikov de haas quantum oscillations and large magnetoresistance indicated the high quality of the samples.
We computed the electronic structures by using the projector augmented wave method [34, 35] as implemented in the VASP [36] [37] [38] [39] package within the generalized gradient approximation (GGA) schemes [39] . For WTe 2 , the experimental lattice constants used were from [24] . A 8 × 16 × 4 Monkhorst Pack k-point mesh was used in the computations. The lattice constants and atomic positions of MoTe 2 were fully optimized in a self-consistent calculation for an orthorhombic crystal structure until the force became less than 0.001 eV/Å. Spin-orbit coupling was included in our calculations. To calculate the bulk and surface electronic structures, we constructed a first-principles tight-binding model Hamiltonian for both WTe 2 and
MoTe 2 , where the tight-binding model matrix elements were calculated by projecting onto the Wannier orbitals [40] [41] [42] , which used the VASP2WANNIER90 interface [43] . We used Green's function technique [44] , which computed the spectral weight near the surface of a semi-infinite system. The connectivity of Fermi arcs we find with surface potential 0eV, with a W 1 connected to a W 2 and k, the connectivity for −0.11eV, with the two W 1 connected and two W 2 connected. This second scenario is suggested by our data.
